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Dear Sir: 

I, Eugene S. Smotkin. declare as follows: 

1 . I am the inventor of the subject matter set. forth and claimed in the above-referenced 
application. I have beer, in the business of designing and evaluating fuel cells for over 1 0 years. A 
copy of my curriculum vitac is attached. 

2. This declaration is intended to clarify the technology related to the invention 
described and claimed. It includes subject matter that is well known to the practitioner of She art 
and that may be helpful to the Office in evaluating the technical features of the invention. 



1 



Application No.: 09/89U00 



Docket No.: 491 712(100100 



3. As a preliminary matter, 1 note the following information: 

The variables required for discussion of the area specific resistance (ASR) of proton 
conducting membranes for fuel cells, and their associated units, arc given in Table I . 



TABLE I 



Variable 


Symbol J Units 


resistance 


R | QtOhms) 


conductance 


I/O 


S (Siemens) 


conductivity 


c 


S/em (Siemens/cm) 


thickness 


I. 


cm 


area 


A 


cm' 


area specific resistance 


ASR 


Qcm* (Ohm cnY) 


current 


i j A {ampere) 


current density 


j | A'cnf {ampere/cm") 


voltage drop 


AY | volts 



For a proton conducting membrane of thickness L and conductivity o, the ASR is defined as 
their ratio. 




The voltage drop across an electrolyte is equal to tie current density times the area specific 
resistance, according to the equation. 

AV = jxASR (2) 

Thus, the ASR of the membrane is the quantity that determines the magnitude of the voltage 
drop at a given current density. The voltage drop corresponds to loss in energy efficiency of the 
cell, and therefore i? is a quantity that should be minimized in fuel cells. Therefore, the ASR must 
he low enough to provide for a small AV. 

4. Nation* 1 1 7, a proton-conducting polymer membrane commonly used as an 
electrolyte in fuel cells, is generally employed with a thickness of 1.78x10'" cm. At 80°C, the 
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protomc conductivity (cr) of Nation® is 1.1 9x10" 5 Stem, thus, its ASR is 0.15 Q.cnf at this thickness 
(see Equation Nailer/ 1 17 is a good metric for comparison of new electrolyte membranes 
«nder development for fuel cells, because the voltage drop it creates at ordinary current densities 
(0.5 A/cm 2 ) is approximately 75 mV. Membranes with higher ASR values would give higher 
values of AV, resulting- in unaceeptably large efficiency losses in the fuel cell (see Equation (2». 

5> The attached Figure 1 (which corresponds to .Figure 10 of the present application) 
shows the variation at 80°C of the ASR of Nation® 1 17 with thickness for L values between 25 and 
250 microns. The thickness dependence of the ASR of a hypothetical electrolyte membrane 
consisting of an inorganic electronically insulating proton conductor (EIPC) of lower conductivity 
than Nation® ! 1 7 is also shown in the graph for comparison. The hypothetical EIPC has a. ~ lxl(r 
S/cm at 250°C r which is a typical value for inorganic proton conductors. Values of ASRs for the 
hypothetical EIPC at temperatures where the conductivity has this value with L values between 0.02 
to 76 microns are shown in the plot. The horizontal line indicates the thickness of the inorganic 
EIPC that would have the same ASR (0. 1 5 D.cm 2 ) as Nation® 1 1 7 with a thickness of 1 78 \t at 
S0°C. According to equation (1), in order for the hypothetical EIPC to have ASR = 0. 1.5 £Xcm\ its 
thickness would have to be only 0.15 microns. 

6. If the temperature dependencies of 0 for candidate EIPCs (e.g., ammonium 
polyphosphate and BCM18) are known, the thickness required for an ASR of 0.15 Q.c»i 2 (i.e., to 
match the performance of 178 u thick Nafion^) at any temperature can be calculated. The variation 
of conductivity with temperature for many of the candidate protomc conductors is available in the 
literature. Given the values of a as a function of temperature and the desired ASR value of 
0.15 D cm 2 , the thicknesses for candidate EIPCs can be calculated .from equation (1). 
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7. Figure 2 (identical to Figure 4 of the application) shows tbe desired membrane 
thicknesses of these candidate protonic conductors as a function of temperature. In all cases, verv 
thin blPC membranes (less than 1 0 micron thicknosp) will be needed to match the ASH of 



mechanically strong enough to vvitTvitaud the stresses that are applied in the a^ercbh of <: fae* cell, 
and thus a support structure is needed. 



m fe-el cel ! s to serve this! purpose by finding a way to cntploy them at thicknesses whtre the aSR 
value is satisfactory. This has been accomplished by supporting these ma;enak on a nictai/nvtal 
hydride support which is conductive for prokms as well Ci electrons. The coi:dueiivit> tor electron 
does hoi adversely affect the abihty of the tmpported electrolyte ro funetkm hi a fuel ceil, as ir. itseif, 
provides the resistance to electrons required. 

I declare that all statements made besom of m\ own knowledge art true and tba* all 
statements made on information and belief are believed to he tine; sad further, that these ,Cjfemenii> 
arc m.Kle \vh.h the knowledge that willful, false statement? and the like so made are punishable by 
fine or imprisonment or both, under Section 1001 of Title U< of the 1 hdted States ('ode ;>nd thai 
rach willful false statements may jeopardize the validity of the application or au> patent issued 
thereon. 



Naiion* i J 7. I have found thai Ssueh thin membranes of snorgarv.i eerannc maten Vis are not 



! base found a way to employ materials that oi dinar! iy would no; b- praetieai for use 



Executed at C%&Oti Ptortf :£W 



r> on 



9 xMa- ; 2tm. 
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ll' j > I rr m't'j'" 



ITE membrane 
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Figure 1. ASR of the Intermediate Temperature Electrolyte Membrane 
{ITE Membrane) compared to conventional Nafion* 117, T<> achieve 
the same ASR (indicated by a horizontal line at 0. 1 5 ohm cm"), the 
thickness of ITE membrane is 0.15 microns, compared to 1 78 microns 
for Marion'* 1 . 
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Oiaf A. Hougen Lecturer, University of Wisconsin Hougen Symposium, Department of 
Chemical Engineering, University of Wisconsin-Madison, September 17 - 18, 2003 

5. "Fuel Cells Operating in the "GAP" Temperature Regime \ Keynote Lecture: 226th Ameri- 
can Chemical Society National Meeting, Fuel Cell Systems and Fuel Processing for Fuel Cell 
Applications Symposium, New York City, September 11, 2003. 

6. Correlation ofFTIR ofCO/(Pt, alloys) with XRD, DPT and XA VPS Fxoerimcuts and Simula- 
tions., US Army Research Office Sponsored WmksLop ou Theory and Surface Measurements 
of Fuel Cell Catalysts, University of DemuotL Lynjibv.PenmatL June 17, 2003. 

7. XRD Anuhsis of Nanostractured Electrocaiahsts Applications of VegarJ's Law.. US Army 
Research Office Sponsored Workshop on 1 heory and Surface Mea^urun^ots of Fuel Cell 
•Catalysts, University of Denmark, Lyng'by. Denmark. June 16. 2003. 

8. Correlation ofFTIR ofCO/(Pt, alloys) with XRD, DFfand XAMCS Fxperonents and Simula- 
tions, US Army Research Office Sponsored WoiUhop or Tlieoiy and Surface Vfeasurements 
of Fuel Cell Catalysts, University of Denmajk, Lyngby, Derma: k, June 1 ?, 2005 
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9. XRD Analysis of Nanostructured Electrocaialysts: Applications of Regard's Law, US Army 
Research Office Sponsored Workshop on Theory and Surface Measurements of Fuel Cell 
Catalysts, University of Denmark, Lyngby, Denmark, June 16,2003 

10. High Ihroughput Screening and Preparation of Fuel Cell System Catalysts, 1st International 
Conference on Polymer Batteries and Fuel Cells, Jeju Island, Korea. June 2, 2003 

U.Higk Throughput Fundamental Studies of Fuel Cell Catalysts. 203rd Meeting - Paris, 
France, Patois des Congres de Paris, May 1 , 2003, April 27 - May 2, 2003. 

12. Correlation ofFTIR of CQ/fPt Alloys) with DFT and XANES Experiments and Simulations. 
May K 2003. 203rd Meeting - Paris, Franco, Palais des Congres de Paris, April 27 - May 2, 
2003 

13. Challenges to DMFC Commercialization, Knowledge Foundation's 5th International Sym- 
posium: Small Fuel Cells, New Orleans, LA, May 8, 2003 

14. Correlation ofFTIR ofCOttPt Alloys) with DFT and XANES Experiments and Simulations, 
Army Research Office Sponsored Second International Conference on Elementary Processes 
in Molecule-Metal Surface interactions. Intercontinental Hotel, San Juan, Puerto Rico, May 
7, 2003 

15. Array Membrane Electrode Assemblies for High throughput Screening of fuel Cell Electro- 
catalysts, BCC Conference: Fuel Cells 2003, Stamford CT, April 1, 2003 

16. Combinatorial Discovery of Fuel Cell Etectrocatalysts> Department of Energy, Non- 
Platinum Electrocatalysts Workshop, New Orleans. Louisiana. March 21,2003 

17. Laser-Activated Membrane Introduction Mass Spectrometry far High-Throughput Evalua- 
tion of Bulk Heterogeneous Catalysis, The Second U.S. -Japan workshop on Combinatorial 
Materials Science & Technology, Winter Park, CO, December .10, 2002 

IS. Array Membrane Electrode Assemblies for High Throughput. Screening of Direct Methanol 
Fuel Cells, 202nd Meeting of the Electrochemical Society, Salt Lake City, Utah, October 24, 
2002 

19. High Throughput Screening of Fuel Cell System Catalysts, 4 th International Symposium on 
Electrocaialysts: From 'theory to Industrial Applications, Villa Olmo, Como, Italy, Septem- 
ber 23, 2002 

20. Deuterium Isotope Analysis of Methanol Oxidation on Mixed Metal Fuel Cell Anode Cata- 
lysis, international Catalysis Workshop for Young Scientists (iCWYS-2001) Beijing, China, 
Sept. 24. 2001 

21. FT/K, XANES and DFT Calculations On Pt Based Fuel Cell Catalysts, ARC Workshop on 
Application of Rrst-Prineiples-Based Computational Methods to the Design of Electro- 
chemical Power Systems ^Berkeley, CA August 3 1 , 2001 

22. Methanol and CO Ekctrooxidaiion on Pt. Ru. and Ft based Mixed Metal Catalysis, Chicago 
National Meeting of the American Chemical Society, August 30, 2001 

23. Direct Methanol Fuel Celt Catalysis, Knowledge Foundation's Small Fuel Cells and Battery 
Technologies for Portable Power Applications Renaissance Hotel, Washington, D.C., April 
24,2001 

24. Combinatorial Discover): of Fuel Cell Catalysts: A Feedback Loop Between Rational Heuris- 
tics and High Throughput Screening, The First Japan- US Workshop on Combinatorial Mate- 
ria! Science and Technology, Sheraton Maui Hotel Convention Center, Maui, .Hawaii, Octo- 
ber 2, 2000 

25. Deuterium Isotope Analysis of Methanol Oxidation Kinetics, The 2000 International Chemi- 
cal Congress of Pacific Basin Societies, Honolulu, Hawaii. , Dec 14-19, 2000 
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26. Combinatorial Discovery of New FAecirocatalysts for Fuel Cells, Florida Catalysis Confer- 
ence, University of Florida, April 1 8, 2000 

27. Combinatorial Discovery of New Electrocatalysis for Fuel Cells: Optical Screening Meth- 
ods. Cambridge Healthtech Institute, Engineered Catalysis, New (Means, Louisiana, Decem- 
ber 9 - 10, 1999 

28. Combinatorial Discovery of Elect rocatalysts for Direct Methanol Fuel Celt, NATO Meet- 
ing, Frontiers in Molecular Diversity: From Biology to Material Science"' Moscow, Russia, 
Sept. 19, 1999 

29. Gordon Conference: Combinatorial Design of Electrocatalysts. New London, Nil, June 20- 
25, 1999 

30. FTIR and Mass Spectroscopic Analysis of N EMC A Olefin Isomerizaiion Reactions, Electro- 
catalysis ection at the 12th International Conference on Solid State Ionics. Thessalortiki 
Greece, June 8, 1999 

3 1 . Gordon Conference: Rational and Irrational Routes to .Better Electrocatalysts. Ventura, CA, 
January 1999 

32. Army Fuel Cells far High Throughput Screening of Electrocatalysts, Department of Chemi- 
cal Engineering, Notre Dame University, September 30, 2003 

33. High Throughput Screening and Preparation of Fuel Celt System Catalysts, Kwangju insti- 
tute of Science and Technology, Gwangju, Korea, June 5, 2003 

34. Analytical Methodologies for Combinatorial Discovery of Heterogeneous Catalysts, Univer- 
sity of Puerto Rico @Rio Piedras. July 2001 

35. Unking Rational Heuristics to Combinatorial Discovery of Electrocatalysts Bowling Green 
State University, February 16, 2000 

36. Polarization Modulated FTIR of CO Adsorbed on Arc-melted Pi, PtRu and PiRuOs Elec- 
trode Surfaces, Department ofChemistry, Columbia University, New York. September, 1999 

37. fn-situ F7IR of CO Adsorbed on Arc-melted Ft Alloys, Department of Chemistry, University 
of Texas hi Austin, December, IS, 1998 

38. High Throughput Screening and fundamental Studies of Fuel Cell Catalysts. Cabot-Superior 
MicroPowders. 3740 Hawkins NE, Albuquerque, NTvL August 5, 2003 

Current and Pending Funding 

1. Combinatorial discovery of fuel cell, catalysts, Subcontract to NSF-ERC with University of 
Connecticut., S350K, 2006-201 L pending 

2. The Role of Surface and Core Oxide Phases in Electrocatalysis, ARO Grant No, W°T INF- 
OS- 1-0020, $497,618, November 2004 - 2007 

3. NASA-UPR Center for Nanoscale Materials under NASA grant no. NCC3-1034, Co- PI with 
Carlos Cabrera, $350,000 tor Smotkin lab, November 2003 - November 200S 

4. DMFC Lifetime improvement Program (DM.FC-l.iP), Approved by House of Representa- 
tives June 20, 2005," Defense Appropriations Bill (I I R 2863) for the Direct Methanol Fuel 
Cell Lifetime Improvement Program (DMFC-LFP). $4,000,000 Fiscal year 2006-2007 

5. Development ofXRD Facilities for Combinatorial Discovery of Fuel Cell and Fuel Processor 
Catalysts at the University of Puerto Rico at Rio Piedras. DUR1P Grant, Army Research Of- 
fice, August, 2003-Juiy 2004, §83,376 (UPR) Program manager, Richard Pa nr. ARO 919- 
549-4208 
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Degrees Granted 



1. Ryan Kim, Ph.D. m Chemical Engineering; Laser Activated Membrane Introduction Mass 
Spectrometry, My, 2005 

2. Sanghyuk Sub, Ph.D. in Chemical Engineering; i'sotopie Studies of Methanol and Formic 
Add Oxidation, July 2003 

3. Vigwanafban, RameshkrLshnan, Ph.D. in Chemical Engineering; "m-situ X-Ray absorption 
and electrochemical study of electrocatalysts for polymer electrolyte membrane (PEM) fuel 
cells" May 2002 

4. Gurau, Bogdan, Ph.D. in Chemical Engineering; "Direct methanol fuel cells. Catalysis and 
engineering aspects" May 2002 

5. N'ayar, AimU M.S. in Chemical Engineering; "'High precision, high throughput evaluation of 
bulk water-gas-shift catalysts by laser activated membrane introduction mass spectrometry 
(IAMIMSrjuiy200i 

6. Rao, Upendra, M.S. in Chemical Engineering; "Membrane development for intermediate 
temperature fuel cell systems" July 2001 

7. Kemerroan. Eugene, M.S. in Chemical Engineering; 'The Role of CCy* islands in methanol 
oxidation on Pt anode: Investigation by cyclic voitammetry and deuterium isotope substitu- 
tion" July 2000 

8. Sahuar, Maria IX, Ph.D. in Chemical Engineering; "Cathodic hydrogenalion of nnsaturatetl 
hydrocarbons in a polymer electrolyte fuel cells" July 2000 

9. Kim, Vongtae, M.S. in Chemical Engineering; "The effect of various plasticizers on the 
transport and electrochemical properties of high molecular weight PEG- based polymer elec- 
trolytes" December 1 999 

10. Liu, Renxuan, Ph.D. in Chemistry; "FTIR surface spectroscopy and electrochemical studies 
of catalysts tor direct methanol fuel cells" May 1998 

11. Liu, Li, M.S. in Chemistry; "Oxidation of methanol on single phase alloys comprised of Pt, 
Ru : and Os" July 1 998 

12. Nie. Weiguo, M.S. in Chemistry; "Methanol electro-oxidation and methanol crossover in di- 
rect methanol fuel cells'' May 1996 
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